R epairing mucogingival defects that maintain esthetic and functional tissue is a challenge. Gingival recession and inadequate attached gingiva have been considered precipitating factors for root sensitivity, root caries, increased gingival inflammation, and impaired esthetics. Gingival recession is also one of the more common concerns for the patient and dentist because of root sensitivity and unappealing esthetics. It was reported that 58% of the American population >30 years of age has one or more sites with gingival recession >1 mm. 1, 2 Numerous surgical procedures have been developed and used clinically to treat gingival recession. These include the laterally positioned flap, double papilla flap, coronally advanced flap (CAF), free gingival grafts, subepithelial connective tissue grafts (SCTGs), guided tissue regeneration, acellular dermal matrix allografts, and a combination of the above. [3] [4] [5] [6] [7] [8] [9] [10] Among these procedures, the SCTG has been regarded as the most reliable and predictable procedure in achieving root coverage (RC) while maintaining the most esthetic outcome. 11 Two versions of the SCTG procedure adopted by most clinicians were described by Langer and Langer 7 and Bouchard et al. 12 Langer and Langer 7 originally described the technique with a parallel incision on the palate to harvest the ideal graft thickness (average of 1.5 mm), which includes leaving a strip of palatal keratinized epithelium. This was to aid suturing and to provide more rapid epithelialization. The epithelium on the graft was believed to help smooth the transition of the grafted tissue to the existing epithelium and to provide a better tissue color match. The second technique removes all of the epithelium so the graft can be stabilized better and completely covered by coronally positioning the flap to provide a smoother, more esthetic gingival contour. 12, 13 Several modifications have been developed in managing the connective tissue (CT) graft and the recipient site flap. [14] [15] [16] Nelson 16 proposed using a fullthickness flap with two vertical releasing incisions to coronally advance the flap and cover the graft. Raetzke 14 demonstrated an ''envelope'' technique with no releasing incisions to secure the donor CT into an envelope created around the denuded root surface of a single gingival recession defect. In addition, Zabalegui et al. 15 proposed a ''tunnel'' technique. This is based on sharp dissection to construct a tunnel under the gingival tissue by means of a sulcular incision that extends below the mucogingival line without reflecting the gingival papillae.
Numerous studies 11, [17] [18] [19] have been performed to compare the outcome of different surgical techniques. da Silva et al. 19 suggested that if the treatment goal is aimed at increasing gingival dimensions (e.g., keratinized tissue width and gingival/mucosal thickness), the CAF + SCTG is preferred for a better long-term outcome. Although studies 12, 14, 15, [17] [18] [19] confirmed that the SCTG is a predictable procedure, limited evidence is available as to whether the epithelial collar on an SCTG provides better clinical outcomes compared to SCTG without the epithelium. Hence, the goal of this study was to compare specific clinical outcomes (e.g., percentage of RC, keratinized gingiva [KG] gain, and gingival thickness gain) after an SCTG with or without an epithelial collar was covered with a coronally advanced envelope flap.
MATERIALS AND METHODS
Twenty subjects diagnosed with one or more Miller 20 Class I or II gingival recessions ‡2 mm on anterior teeth and premolars were recruited from the patient pool at the University of Michigan School of Dentistry. A power analysis determined that 20 sites would be required for >80% chance to detect a 1-mm difference in the amount of RC between two procedures.
The subjects were recruited based on the following inclusion criteria: a healthy adult aged 18 years or older, Miller 20 Class I or II gingival recession ‡2 mm on mandibular or maxillary anterior teeth or premolars, no missing adjacent or opposing teeth, good oral hygiene, and no endodontic-related lesions. Exclusion criteria were long-term (>2 weeks) use of antibiotics in the past 3 months; tooth mobility; patients taking steroids or any medications known to cause gingival enlargement; pregnancy or attempting to get pregnant; unstable systemic conditions, such as uncontrolled diabetes, that were not suitable for the surgery; and smoking.
A written consent was obtained from all patients, and they were screened by the primary researcher (HB) according to the inclusion/exclusion criteria. The patients were randomly assigned to receive an SCTG with a retained epithelial cuff + CAF (SCTGE) or an SCTG without an epithelial cuff + CAF (SCTGN). Subject randomization was performed by drawing a card from a bag at the time of each surgical appointment.
The study was approved by the Institutional Review Board (IRB) at the University of Michigan and was conducted from September 2006 to June 2008.
Clinical Parameters
Clinical parameters evaluated for the study included recession depth (RD), recession width (RW), width of the keratinized gingiva (KW), probing depth (PD), clinical attachment level (CAL), gingival index (GI), 21 and plaque index (PI). 22 The measurements were performed at baseline (SCTG surgery) and at 3 and 6 months postoperatively by a masked calibrated examiner with a University of North Carolina probe, to the nearest 0.5 mm, using a prefabricated acrylic resin stent with markings ( Fig. 1 ). RD was measured at the mid-buccal point of the tooth by subtracting the distance between the stent and the cemento-enamel junction (CEJ) from the distance between the stent and the most coronal point of the free gingiva; RW was measured 1 mm apical to the CEJ. KW was measured on the mid-buccal point from the free gingival margin to the mucogingival junction (MGJ). PD was measured axially from the free gingival margin to the most apical part of the sulcus at the mesial, mid-buccal, and distal aspects. Along with the clinical measurements, thickness of the recipient gingival tissue (GT) was measured at baseline 3 mm apical to the free gingival margin (at the mid-buccal aspect) by penetrating a #15 endodontic file with a rubber stop into the tissue.
The wound healing index (WHI) 23 was evaluated using the following criteria: score 1 = uneventful healing with no gingival edema, erythema, suppuration, patient discomfort, or flap dehiscence; score 2 = uneventful healing with slight gingival edema, erythema, patient discomfort, or flap dehiscence but no suppuration; and score 3 = poor wound healing with significant gingival edema, erythema, patient discomfort, flap dehiscence, or any suppuration. 23 Finally, the percentage of RC was calculated as ([RD presurgical -RD post-surgical]/RD presurgical) ·100 at each observation period.
Surgical Procedures (Figs. 2 and 3)
All surgical procedures were performed by one investigator (HB) under local anesthesia with 2% lidocaine. The recipient site was prepared by a sulcular incision and full-thickness flap to the MGJ, with partial-thickness dissection beyond the MGJ. The distance between the tip of the papillae and the incision line on the papillae was 1 mm apical to the depth of recession. An envelope flap was made, and the exposed root surface, including the CEJ, was thoroughly root planed and recontoured using hand and rotary instruments.
At the palatal donor site, a horizontal incision was made with a #15 blade ;3 mm apical to the free gingival margin. For the SCTGN, a second incision was made with a #15 blade, undermining and splitting the palatal flap. Vertical incisions were placed anteriorly and posteriorly beneath the palatal flap, and another horizontal incision was made apically on the CT to sever the graft tissue. A periosteal elevator was used to separate the graft periosteum from the bone. The SCTGE followed the same procedure as the SCTGN, except that the second horizontal incision was made 2 mm apical to the initial incision line to include a 2-mm epithelial collar on the graft.
The CT graft was trimmed and placed into the envelope-type recipient flap and immobilized against the tooth using a sling suture with 5-0 chromic gut. The flap was coronally advanced with minimal tension, 1 mm over the CEJ. When the graft contained the epithelial cuff, it was left exposed above the flap margin. Then, the flap was well stabilized with a sling suture placed at each flap papilla.
Postoperative instructions were provided to each patient verbally and in written form. To minimize potential infection, amoxicillin (500 mg, three times a day) was prescribed for 7 days; azithromycin (500 mg, every day) was prescribed for 3 days if the patient was allergic to penicillin. The patients were instructed to rinse carefully with warm salt water three times a day for the first 2 days after treatment, followed by 0.12% chlorhexidine rinse (twice a day) to control plaque for 2 weeks. Sutures were removed 10 to 14 days postoperatively. The patients were observed again at 1, 3, and 6 months after the surgery. Oral hygiene instruction and professional cleaning were provided at each follow-up visit.
Statistical Analysis
The data are presented as mean -SD for each variable. The summary statistics were generated for each group at baseline and at 3 and 6 months. Statistical analysis was performed using a statistical package. § An independent-samples t test was performed to compare the clinical parameters between the two groups at 3 and 6 months, whereas a pairedsamples t test was carried out to compare treatment outcomes within the groups at each follow-up point. The demographics were also compared between the two groups at baseline to ensure that they were comparable with regard to age and gender. The significance level for rejection of the null hypothesis was set at a = 0.05.
RESULTS
Among the 20 subjects, there were eight males and 12 females, aged 20 to 60 years, with a mean age of 42.6 years ( Table 1 ). The SCTGE group consisted of five maxillary premolars, four maxillary canines, and one mandibular premolar, whereas the SCTGN group consisted of two maxillary canines, one maxillary premolar, and seven mandibular premolars.
Comparison of Clinical Parameters Between the Groups
The baseline clinical parameters were not statistically significantly different between the two groups (P >0.05; Table 2 ). The mean RD was 2.45 -0.50 mm and 2.53 -0.63 mm for SCTGE and SCTGN groups, respectively. The mean KW at baseline was 2.00 -0.88 mm for the SCTGE group and 1.35 -0.75 mm for the SCTGN group.
The mean RC for the SCTGE group was 95.50% -9.56% and 97.50% -7.90% at 3 and 6 months, respectively, whereas for the SCTGN group it was 87.40% -17.46% and 89.10% -25.93%. No statistically significant difference between the groups was noted at either time period (P >0.05; Table 3 ). At 3 months, KW for the SCTGE group measured 4.10 -1.10 mm, whereas for the SCTGN group it measured 2.75 -0.68 mm. Mean RW was 0 mm and 1.20 -1.60 mm for SCTGE and SCTGN groups, respectively. KW and RW were statistically significantly different between the two groups, indicating that the SCTGE group gained significantly more keratinized tissue and had less RW (P <0.05; Table 3 ). However, significant differences were not seen at 6 months. Eight of 10 subjects in the SCTGE group and six of 10 subjects in the SCTGN group achieved complete RC at 3 months, whereas nine of 10 and seven of 10 subjects in SCTGE and SCTGN groups, respectively, showed complete RC at 6 months. Overall, 16 of 20 subjects had 100% RC at 6 months.
The RD at 3 months was -0.20 -0.72 mm for the SCTGE group and 0.25 -0.59 mm for the SCTGN group, whereas at 6 months it was -0.35 -0.85 mm and 0.10 -0.84 mm for SCTGE and SCTGN groups, respectively. GT was 2.25 -0.63 mm and 2.10 -0.66 mm for the SCTGE group at 3 and 6 months, respectively, and 1.75 -0.59 mm and 1.65 -0.53 mm in the SCTGN group. There were no significant differences in RD, GT, CAL, PD, GT, PI, GI, or WHI between the groups at 3 or 6 months (P >0.05). Both groups had ;0.15 mm creeping attachment gain from 3 to 6 months.
Changes in Clinical Parameters
Within the Groups The mean increase in KW from baseline to 3 and 6 months was 2.10 -1.10 mm and 1.40 -0.70 mm, respectively, for the SCTGE group and 1.85 -1.72 mm and 1.40 -0.74 mm for the SCTGN group. The mean reduction in RD from baseline was 2.65 -0.75 mm and 2.80 -1.01 mm for the SCTGE group at 3 and 6 months, respectively, whereas it was 2.20 -0.42 mm and 2.35 -0.82 mm in the SCTGN group. Changes in KW and RD were statistically significantly different compared to baseline (P <0.001; Tables 2 and  3) . GT, CAL, and RW also exhibited statistically significant differences at 3 and 6 months compared to baseline in both groups (P <0.001; Tables  2 and 3 ). However, PD, PI, and GI showed no significant differences at 3 and 6 months compared to baseline in either group (P >0.05; Tables 2 and 3) .
Recipient Site Gingival Flap Thickness and RC Outcomes
With regard to GT, mean RD changes from baseline to 3 months were 2.50 -0.00 mm for subjects with 0.5mm GT, 2.54 -0.69 mm for 1.0-mm GT, and 1.83 -0.29 mm for 1.5-mm GT. At 6 months, the corresponding changes in RD were 2.33 -0.29 mm, 2.78 -1.01 mm, and 1.83 -0.29 mm. The results showed no statistically significant relationship between RC outcomes and gingival thickness.
DISCUSSION
SCTG procedures are considered one of the most predictable methods for RC as well as for increasing KG width and tissue thickness. The purpose of this study was to compare the clinical outcomes (e.g., percentage of RC, KG gain, and gingival thickness gain) after the CT graft with or without a collar of epithelium. All treatments were performed in conjunction with a CAF using an envelope flap.
In this study, the SCTGE group showed a mean RC of 98% at 6 months compared to 89% in the SCTGN group, with no significant difference between the groups. The results of this study are in the range of other reported studies 12,19,24-28 using an SCTG. These studies reported a mean RC ranging from 65.5% to 99%. In a study 25 using a similar method to our study, the group with the envelope flap + connective tissue graft (CTG) + epithelial collar had a mean RC of 89.6% compared to 94.7% in the CAF + CTG group. The difference between their CAF + CTG group (94.7%) and the SCTGN group in our study (89.1%) may be attributed to the use of vertical releasing incisions in their study. It can be speculated that vertical releasing incisions facilitate more coronal overcorrection and less tension of the overlying flap, possibly leading to better RC. This is supported by the study of Pini Prato et al., 29 who indicated that the more coronal the level of the gingival margin after suturing, the greater the probability of RC. The anatomic location of the selected teeth is another factor that might have influenced the different outcomes between the two groups in our study or with other studies. Our SCTGE group had only one mandibular tooth compared to seven mandibular teeth in the SCTGN group. Differences in the muscle pull or movement during function of the mandibular teeth are believed to result in less graft stabilization and less favorable clinical outcomes. This belief corresponds with other studies [30] [31] [32] showing that maxillary teeth have more predictable RC than mandibular teeth.
Complete RC was seen in nine of 10 and seven of 10 subjects from SCTGE and SCTGN groups, respectively. Although statistically non-significant, the SCTGE group showed better RC at 6 months posttreatment. The keratinized epithelium may have provided better initial graft tissue fluid seal during the healing process. The complete RC directly influenced the outcome of RD and RW in our study, especially RW. Having three subjects without complete RC in the SCTGN group, compared to only one subject in the SCTGE group, may explain why there was a significant difference in RW at 3 months. However, this difference was significantly reduced at 6 months. Future studies with a larger sample size are needed to validate this finding. The two most commonly used surgical techniques for SCTG are described by Langer and Langer, 7 leaving a collar of epithelium attached; and Bouchard et al., 12 removing the epithelial collar. It can be speculated that the collar of epithelium aids suturing and provides a smoother junctional color and contour and more rapid healing to the existing epithelium. However, in a study 12 comparing SCTGN and SCTGE, the esthetic assessment by independent examiners favored SCTGN. In our study, several technical concerns were raised when the collar of epithelium was left on the graft. During suturing of the envelope flap, it was almost impossible to prevent the flap from lying on top of the graft epithelium, especially in the papillary area. This created a concern about possible cyst formation. Although no complication was noted in our study, this issue needs to be addressed carefully. Second, unlike the proposal of a smooth junction with the existing epithelium, several subjects exhibited a demarcation line between the existing flap and the graft during early healing. This may require a second procedure (gingivoplasty), especially in the esthetic zone. The third limitation is that the donor site in the SCTGE group healed more slowly than the SCTGN group. In general, a 2-mm clot-filled depression was found in the palatal epithelium at 2 weeks post-surgery, possibly leading to patient discomfort in the early stage of healing. However, no difference in the clinical healing between the two groups was found at 1 month.
The SCTG procedures increased the mean KG width for both groups at 3 and 6 months. A significantly wider amount of KG was noted in the SCTGE group at 3 months, which implies that the epithelial collar might have contributed to KW gain during the initial stage of healing. An increase in KW after an SCTG procedure is controversial. Studies 25, 26, 28, [33] [34] [35] showed a wide range of increase in KW postoperatively from 0.7 to 4.0 mm. Our results for KW gain in the SCTGN group were larger than the results of Cordioli et al., 25 who found a 0.7-mm increase in KW. A possible explanation for the difference is that in their study, the CAF + SCTG group without the epithelium had the most coronal portion of the CT graft exposed above the flap, resulting in less KG, possibly from necrosis. Conversely, our SCTGE group showed similar results to the study of Cordioli et al. 25 They reported that the KW post-surgically was mathematically correlated with baseline KW. This loosely correlates with our baseline measurements. Regarding the longevity of KW, a study 34 observed that an initial KW gain of 1.95 mm remained stable for up to 3 years. Further investigations with a bigger sample size and a longer observation period are needed to confirm the results.
There is no doubt that placing quality SCTG underneath the donor site flap would result in a thicker gingival tissue. However, the stability of the augmented tissue thickness remains a question. Our data showed a mean GT gain of 1.0 mm for the SCTGE group and 0.75 mm for the SCTGN group at 6 months. There was no statistically significant difference between the two groups. The increased GT in the current study is approximately twice that reported by da Silva et al. 19 (0.44 mm at 6 months) and similar to the result of Müller et al. 36 (0.7 mm mean gain). The difference between our data and those of da Silva et al. 19 may be due to differences in the measurement technique and scale. Our study measured to the nearest 0.5 mm, whereas their study measured the thickness to the nearest 0.1 mm. da Silva et al. 19 also addressed the tissue contraction of the thickness during healing. Shrinkage of GT during healing of the free CTG was also reported in the literature. 37, 38 Edel 38 reported graft shrinkage of 28%, and Orsini et al. 37 demonstrated shrinkage of 28.4% at 1 month, 37.2% at 26 weeks, and 43.25% at 52 weeks. Although these measurements were performed in two dimensions on the free gingival graft, we might be able to apply this term to connective tissue grafts. The graft contracts volumetrically (length, width, and thickness) as a result of primary and secondary contraction, as well as necrosis and soft tissue remodeling. It would be clinically helpful to understand the factors involved in the graft contraction and the timing of graft stabilization. Future research in this area is encouraged.
The importance of GT (biotype) on RC has been discussed in many studies. [39] [40] [41] Baldi et al. 40 reported that flap thickness ‡0.8 mm was required to predictably gain complete RC. Huang et al. 39 suggested that initial GT >1.2 mm was more favorable for complete RC than a far more delicate, thinner GT flap. A systematic review 41 concluded that a positive association exists between GT and RC; a critical threshold thickness of >1.1 mm was suggested from the analysis. However, our data were not in agreement with those observations. To the contrary, subjects who had thicker GT ( ‡1.5 mm flap thickness) had the least amount of RD reduction at 6 months, although the mean RC was similar. No significant differences with regard to the location of the tooth in the arch, baseline RD, and baseline KW were noted between the thicker and thinner tissue (0.5 mm). It is suggested that factors such as the recipient site flap and graft tissue stability during initial wound healing, the post-suturing coronal position (i.e., beyond the CEJ) of the recipient flap margin, and flap tension after suturing outweigh the effect of flap thickness on RC. Moreover, postoperative patient compliance can be a critical, unmeasured factor influencing clinical outcomes. We had a minimal number of subjects in our study with 0.5or 1.5-mm flap thickness; therefore, it is difficult to draw any definitive conclusion from the study results.
Several limitations existed in our study. First, the small subject number and short observation period limit generalizing the study results; in particular, the stability of the KW or GT warrants a longer observation. Second, although the subjects were randomly assigned to each group, the SCTGE group had only one mandibular tooth, which may not have eliminated the influence of muscle pull on the flap or the stability of the graft. Third, the recession defects included in the study were relatively small, which made the detection of outcome differences between the two groups challenging. Another limitation is that the graft thickness/size, tension on the flap, coronal position of the recipient site gingival flap, and postoperative maintenance by the patients could not be standardized for accurate comparison between the groups.
CONCLUSIONS
Both SCTG techniques (with and without the epithelial collar) provided predictable and successful RC ( ‡89%). The retained epithelial collar on the SCTG did not provide a significant benefit with regard to the clinical parameters, other than the short-term increase in KW. Therefore, it is suggested that the retained epithelial collar on an SCTG may not result in a better clinical outcome compared to one without an epithelial collar.
